A dry-land winter training programme for dinghy-sailors is described. Individual elements include circuit training, specific exercises for muscle strength and endurance, and distance running. Ten international-class sailors followed a progressive regimen of this type for 14 weeks after completion of the 1973 season. Excess weight and skinfold thicknesses were reduced, while muscle strength, endurance and anaerobic capacity increased. Aerobic power remained substantially unchanged, although a smaller oxygen debt was incurred in reaching maximum effort. Team members were enthusiastic about the benefits gained from the training, commenting on their greater tolerance of the hiking position and all proposed to continue or to increase their efforts during subsequent winters. Racing results during 1974 were also an improvement on the 1973 record. However, it was difficult to link physiological gains to improvements in the relative rankings of individual competitors under either light or high wind conditions; the main factor changing relative standings seems to have been the additional year of competitive experience in younger team members.
INTRODUCTION
In a previous report (6) , we have drawn attention to the marked bearing that physiological attributesmuscle strength, muscle endurance, aerobic power, anaerobic capacity and balance -have upon the outcome of dinghy-sailing contests, particularly when the wind-velocity is high. During the sailing season, crewmembers develop both the necessary physiological characteristics and also competitive skills through long hours of sailing. However, in continental climates such as that of Toronto, the sailing season is short, and accordingly we have explored the possibility of sustaining and/or developing fitness through an appropriately designed dry-land training programme. The present paper discussed both team attitudes and responses to this programme.
METHODS
Subjects and experimental plan. The subjects were ten international-class dinghy sailors, all members of the Ontario division of Sail Canada. Details of physical characteristics will be found in another report published elsewhere (6) . Initial physiological observations were made at the immediate end of the sailing season, and measurements were repeated after 14 weeks of strenuous and progressive dry-land training. Data collected included standard anthropometric observations, skinfold thicknesses, muscle strength (handgrip, forearm flexion and extension, knee extension), muscle endurance (50% and 75% of maximum voluntary quadriceps contraction), balance (stork-stand and stabilometer scores), aerobic power, simulated "hiking" (with measurement of heart rate, blood pressure, blood sugar and serum bicarbonate) and anaerobic capacity (endurance of treadmill run at 6 m.p.h., 20% slope). Tests generally followed standard I.B.P. methodology (10) and have been described in the previously mentioned report (6 "better," 2 "no change").
In view of the nature of the programme, we were quite surprised that most subjects rated their chosen intensity of training hardest for the cardiovascular component:
During the second month, one day was devoted to standard circuit training (level 5) two days to a muscle endurance session (as above), and one day to a strength session (as above).
In the third month, the programme was supplemented further by 2-4 miles of running at the best possible speed once or twice per week. Gains of tactical ability (e.g. choice of currents) were also greatest when the wind was strong:
Despite these assessments, four subjects augmented their prescription "a little" and five by " a moderate amount" of additional voluntary activity. Interest in the programme was indicated by the fact that all of the team continued the gymnasium programme after the start of the new sailing season (although in eight of the ten the intensity of training was reduced). All planned to exercise in the gymnasium in subsequent winters, eight of them at a more intense level. Five expressed a preference for more strength training, four for more cardiovascular training, and two for more muscular endurance work. One planned to reduce strength training, and one to reduce cardiovascular training.
2. Changes in physical characteristics.
Team members showed a highly significant reduction in body weight over the course of dry-land training; this was due largely to 11.6 kg loss of weight by one individual who initially carried 18.7 kg excess weight. At the same time, there was a significant increase of quadriceps girth (Table I ). All except one of the eight skinfold readings also showed a decrease, the final average of 10.8 mm being much closer to the previously reported normal value of 10.4 mm for young Toronto men (8) .
Other anthropometric variables, including shoulder and hip widths and the height of the centre of gravity showed no significant change over the training programme. (Table II) The endurance of the quadriceps muscle was substantially increased; the fact that a large response occurred at 50% of maximum voluntary contraction, with little change at 75% is in keeping with the known interaction of muscle contraction and blood flow (7) and supports a physiological rather than a psychological basis for the gain of endurance. The terminal heart rate during the endurance efforts was identical before and after training, and there was an insignificant increment of the final systolic blood pressure (to 207 mmHg in both conditions).
The balance scores showed small gains, significant for the stabilometer. However, the training programme did not include specific balance work, and this gain may thus represent no more than learning the test procedure. Despite the increase of performed work, the terminal heart rate was very consistent; perhaps because of the gains in muscle strength and endurance and associated enzyme development, subjects were able to reach this heart rate and oxygen consumption with a smaller accumulated blood lactate, oxygen debt and respiratory gas exchange ratio. Changes in oxygen debt reflected the lactate component (A -1.92 + 1.47 I.) with no change in the alactate debt (A -0.03 0.89 1.).
The systematic error for Astrand predictions of aerobic power tended to diminish with training, although differences between initial and final errors were not statistically significant.
Anaerobic capacity.
The endurance time for supramaximal effort (uphill treadmill running, 6 mph at 20% slope) increased insignificantly (from 65.1 to 94.0 sec) with training.
Captain's ratings.
The captain's rankings of sailing ability prior to training and after the new sailing season are summarized in Table   IV . Under light wind conditions, subjects R, Kj and Kh showed a gain of ranking of 2 or more places, while C, Bb and K showed a deterioration of standing. Under high wind conditions, Kj, Kh and E showed gains and Bb, Br, C and K loss of standing. The physiological basis for these changes of ranking can be brought out by comparing objective performance scores. Under light conditions, the gains cannot be ascribed to an increment of resting blood glucose (Table V) . The three sailors who improved had relatively little initial experience of competition (2-5 years), while two of the three who lost standing had been sailing for many years, and one (c) admitted that his interest in the sport was now waning; we would thus conclude that the additional year of experience largely explained the gains realised by the more junior team members. Under high wind conditions, the most obvious casualty was subject Br. He lost 11.6 kg weight over the training programme, falling from an excess weight of 18.7 kg to 7.1 kg. Although his average skinfold readings decreased from 18.0 to 10.1 mm, there was also a decrease in maximum force in three of the four muscle groups tested, the largest change being in the quadriceps (extension force 150 -* 93 kg); presumably, the drastic loss of body weight in his case was accompanied by some loss of muscle protein. He also suffered some loss of aerobic power (0.33 I./min) during the dryland training programme. Two of the other three sailors who lost relative ranking initially had the highest physiological scores (Bb and C) and for this reason had relatively little scope to improve in physiological status over the course of training. Two of the three who gained in ranking were relatively inexperienced (Kj and Kh). In physiological terms, they showed little change of aerobic power, small gains of quadriceps extension force, larger improvements in anaerobic treadmill performance (average for 3 subjects 35 sec gain, compared with 26 sec for remainder of group) but relatively small changes in tolerance of sustained quadriceps contraction (average 18 sec, compared with 50 sec for the remainder of the group). The only important difference between international and regional standings was under high wind conditions; the very experienced C moved from fifth to second rank under the pressures of an international contest. The response seen in subject Br emphasizes the difficulty in producing weight loss without loss of lean tissue; despite participation in the strenuous muscle training programme as outlined, and a weight loss < 1 kg per week, he apparently suffered some loss of lean tissue as shown by the decrease of both muscle strength and aerobic power.
The glycogen-sparing function of strength and endurance training is well illustrated by average results for the group. After the dryland training programme, subjects were able to reach the same heart rate and approximately the same maximum oxygen intake while building up a much smaller oxygen debt. Possible mechanisms for the reduction of anaerobic work include (a) a faster on-transient of blood flow to the active muscles, (b) more ready perfusion of the muscles because they are contracting at a smaller percentage of their maximum force (3, 4) , and (c) facilitation of aerobic metabolism by increase of muscle myoglobin and enzyme concentrations. The strengthening of the muscles supports the second mechanism, and there is also good reason to suppose that enzyme concentrations were increased by the 14 weeks of vigorous muscle training (1. 2).
As in a number of previous experiments, the discrepancy between directly-measured and predicted maximum oxygen intake values decreased over the course of training. This is probably due at least in part to a progressive habituation of the subjects to the test laboratory (9) .
